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Antibiotics have been included in the formulation of feed for livestock production for more
than 40 years as a strategy to improve feed conversion rates and to reduce costs.The use of
antimicrobials as growth-promoting factors (AGP) in sub-therapeutic doses for long periods
is particularly favorable for the selection of antimicrobial resistant microorganisms. In the
last years, global concern about development of antimicrobial resistance and transference
of resistance genes from animal to human strains has been rising. Removal of AGP from
animal diets involves tremendous pressure on the livestock and poultry farmers, one of the
main consequences being a substantial increase in the incidence of infectious diseases
with the associated increase in the use of antibiotics for therapy, and concomitantly,
economic cost. Therefore, alternatives to AGP are urgently needed. The challenge is to
implement new alternatives without affecting the production performances of livestock
and avoiding the increase of antimicrobial resistant microorganisms. Plant extracts and
puriﬁed derived substances are showing promising results for animal nutrition, either
from their efﬁcacy as well as from an economical point of view. Tannins are plant derived
compounds that are being successfully used as additives in poultry feed to control diseases
and to improve animal performance. Successful use of any of these extracts as feed
additives must ensure a product of consistent quality in enough quantity to fulﬁll the actual
requirements of the poultry industry. Chestnut (hydrolysable) and Quebracho (condensed)
tannins are probably the most readily available commercial products that are covering those
needs. The present report intends to analyze the available data supporting their use.
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INTRODUCTION
Antimicrobial compounds were initially added to feed at thera-
peutic doses for treatment and prevention of infectious diseases
but soon the growth promoting effect of antibiotics was observed.
Therefore, since the beginning of the 1950s antibiotics have been
added to feeds to improve feed utilization and growth of farm ani-
mals, reducing the cost of production (Moore and Evenson, 1946;
Jukes et al., 1950). The use of antimicrobials as growth-promoting
factors (AGP) should be distinguished from therapeutic and pro-
phylactic use of antibiotics that are administrated at higher doses
and for short periods of time.
The mode of action of AGPs is not yet fully understood.
Different potential mechanisms have been proposed to explain
AGP-mediated growth enhancement (Gaskins et al., 2002; Dibner
and Richards, 2005; Page, 2006). The most accepted mechanism
would be through modulation of the gut microbiota, which plays
a critical role in maintaining the host health (Tuohy et al., 2005).
Microbiota composition inﬂuences the intestinal environment
and the development and responses of the host immune system
against pathogenic and non-pathogenic antigens (Cebra, 1999;
Kelly and Conway, 2005).
The poultry industry has massively adopted the use of AGPs,
but comparatively, little research has been conducted in order to
systematically evaluate the potential effects that antibiotics may
have on the dynamics of the overall gut microbiota of chicken.
Thus, studies are indispensable to elucidate the impact on bacte-
rial community, including selection and distribution of antibiotic
resistance genes among commensal bacteria in chickens fed with
AGP (Diarra et al., 2007; da Costa et al., 2013).
The use of AGP in livestock and their role in selecting antibi-
otic resistant bacteria have been extensively reviewed (Butaye et al.,
2003; Wegener, 2003; Kazimierczak et al., 2006; Landers et al.,
2012). It is important to remark that AGP are used in sub-
therapeutic doses for long periods, a situation that is particularly
favorable to select antimicrobial-resistant microorganisms. Dur-
ing the last several years, global concern about development of
antimicrobial resistance and transference of resistance genes from
animal to human strains is rising (Salyers et al., 2004; Mathur and
Singh, 2005; Devirgiliis et al., 2013). The potential risk of resis-
tance generation and transmission led to the ban of the use of
antibiotics as growth promoters in the European Union since year
2006. Although the relative contribution of foodborne transmis-
sion to antimicrobial resistance in humans remains unknown, it
does exist and is likely to bemore substantial than currently appre-
ciated (Collignon and Angulo, 2006). Some studies suggest that
the majority of antibiotic-resistant Escherichia coli strains carried
by people may have been originated in food animals, particularly
from poultry (Johnson et al., 2006).
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In this context and to preserve the effectiveness of important
human drugs (Casewell et al., 2003) the FDA prohibited the use of
ﬂuoroquinolones in chickens and turkeys in the United States,
based on evidence that use of these antimicrobials in poultry
caused development of resistance of thermoﬁlic Campylobacter
species. These resistant strains can be transmitted to humans with
consequences to public health (Nelson et al., 2007). Selection of
resistance in non-pathogenic bacteria is another potential risk.
Some resistance genes may be present in non-pathogenic bac-
teria and then can be transferred to pathogenic microorganisms.
Fairchild et al. (2005) showed that the oral administration of tetra-
cycline did not induce signiﬁcant changes in the chicken cecal
bacterial community but they found that Enterococcus spp. sus-
ceptibility tests showed an increase on tetracycline MICs. These
bacteria were positive for resistance genes, tet(M), tet(L), tet(K),
and tet(O), which can be transferred to Campylobacter jejuni, con-
ferring tetracycline resistance. The authors suggested that complex
ecological and genetic factors could contribute to the preva-
lence and transfer of antibiotic resistance genes in the chicken
production environment.
Despite the inconvenience of adding AGP to feed, it is gener-
ally accepted that intensiﬁcation in modern poultry production
and the increase in related stressors, e.g., feed changes or diet
imbalances, may have different negative effects on animal health,
e. g., reduced immune functions, high exposed susceptible pop-
ulation (Pinchasov and Noy, 1993). This may predispose broilers
to colonization of the gastrointestinal tract by bacterial pathogens,
producing a threat to bird’s health and food safety. Removal of
antibiotic AGP from animal diets implies a tremendous pressure
on the livestock and poultry farmers, one of the main conse-
quences being a substantial increase in the incidence of infectious
diseases with the associated augment in the use of antibiotics for
therapy (Inborr, 2001; Casewell et al., 2003; Grave et al., 2006).
Salmonella spp., Campylobacter jejuni and Clostridium perfringens
are considered to be the most important emerging and increasing
threat for poultry and human health (Van Immerseel et al., 2004;
Humphrey et al., 2007). The challenge is to implement new alter-
natives without affecting the production performances of livestock
and also avoid the increasing of antimicrobial resistance.
Alternatives to AGPs had its origin in public health programs
where nutritional interventions such as probiotics and prebiotics
are used to ameliorate chronic human conditions such as inﬂam-
matory bowel disease (Guarner et al., 2002; Damaskos and Kolios,
2008) and irritable bowel syndrome (Fooks and Gibson, 2002).
Formulation of diets focused on speciﬁc effects on gut health is
becoming a reality in the monogastric animal industries because
the maintenance or enhancement of gut health is essential for
the welfare and productivity of animals when antibiotics are not
allowed in feed. In this scenario raw plant extracts and derived
tannins are showing promising results for food animal production
(Huyghebaert et al., 2011).
PLANT EXTRACTS AND TANNINS
Plants synthesize many aromatic substances, most of which are
secondary metabolites. In many cases, these substances serve
as plant defense mechanisms against predation. Some, such as
terpenoids, give plants their odors; others (quinones and tannins)
are responsible for plant pigment, others are responsible for plant
ﬂavor (e.g., the terpenoid capsaicin from chili peppers). Tannins
are water-soluble polyphenolic compounds of variable molecu-
lar weights abundantly found in nature which have the ability to
precipitate proteins (Spencer et al., 1988; Cowan, 1999). Tannins
can be classiﬁed into condensed and hydrolysable (Scalbert, 1991;
Haslam, 1996). Hydrolyzable tannins are based on gallic acid, usu-
ally as multiple esters with D-glucose, while the more numerous
condensed tannins (often called proanthocyanidins) are derived
from ﬂavonoid monomers. Current scientiﬁc evidence suggests
that there is signiﬁcant potential in the use of tannins to enhance
nutrition and animal health, particularly for ruminants such as
cattle (Frutos et al., 2004). Many studies of phenolic compounds
(resveratrol, quercetin, rutin, catechin, proanthocyanidins) have
beenpresent in the last few years,most of theseworkswere directed
to improvements of human health and they demonstrate that tan-
nins havemultiple biological activities, including cardioprotective,
anti-inﬂammatory, anti-carcinogenic, antiviral, and antibacterial
properties attributed mainly to their antioxidant and antiradical
activity (Frankel et al., 1993; Teissedre et al., 1996; Santos-Buelga
and Scalbert, 2000). Recent studies in veterinary medicine men-
tion that these effects are reﬂected in a better growth performance
in different species of food producer animals. Tannins are also able
to reduce the risk of livestock disease and transmission of zoonotic
pathogens in a sustainable and environmentally friendly manner.
Recent reports of the use of tannin in poultry show promising
results (Van Parys et al., 2010; Anderson et al., 2012; Redondo et al.,
2013b; Tosi et al., 2013).
HISTORICAL CONSIDERATION OF TANNINS AS
ANTI-NUTRITIONAL FACTORS
Traditional concepts in poultry nutrition consider tannins as
anti-nutritional factors. In contrast with the effect on ruminant
animals where tannins in the diet may have considerable nutri-
tional beneﬁts, tannins are generally considered undesirable in
simple-stomached animals feed. In monogastric farm animals
it is commonly accepted that dietary tannins reduce digestibil-
ity (in particular of crude protein) and consequently growth
performance (Treviño et al., 1992; Smulikowska et al., 2001). In
poultry, a considerable number of publications have shown the
anti-nutritional effects of tannins in chicken feeding; these sub-
stances induce a worsening of productive performances as a
consequence of decreasing voluntary feed intake and organic mat-
ter digestibility, especially the protein component (Barroga et al.,
1985; Longstaff and McNab, 1991; Garcia et al., 2004; Longstaff
and McNab, 2007).
Reports of anti-nutritional effects of tannins are mostly based
on assays performedwith relatively high concentrations of tannins
in feed, mainly using puriﬁed condensed tannins or plant with
excess of tannins as may be the tannic acid from sorghum grains.
These experiments showed adverse effects such as decreased nutri-
ent utilization, animal productivity, and death in certain animals.
This limited experimental information and the fact that tannins
act as a defense mechanism in plants against herbivores have been
the origin of the widespread concept that tannins are negative
for animals. However, it is now known that their beneﬁcial
or detrimental properties depend upon their chemical structure
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(generally associated with the plant origin) and dosage, besides
other factors such as animal species, the physiological state of the
animal and composition of the diet. More recent evidence suggest
that a moderate tannin level is able to improve both nutrition and
health status in monogastric animals.
IMPACT ON POULTRY PRODUCTIVE PERFORMANCE
Despite that tannins have been traditionally considered as anti-
nutritional factors, is it now known that these substances can be
beneﬁcial to poultry. However, as it previously mentioned, several
factors must be considered and evaluated such as the ﬁnal con-
centration in feed, the structure of the compounds, the applied
process during feed preparation, and plant factors, which may
affect ﬁnal tannin impact on birds digestive function and global
health (Hagerman and Butler, 1980). Studies with different puri-
ﬁed tannins conﬁrm that chemical properties, like astringent taste
and protein binding are variable among tannin extracts (Hofmann
et al., 2006). Schiavone et al. (2008) showed that the use of chest-
nut extract in poultry feeding does not inﬂuence feed digestibility,
carcass quality or nitrogen balance. In fact, it has a positive inﬂu-
ence in growth performance if included in the diet up to 0.2% (on
dry matter). Similarly Marzoni et al. (2005) studied the dietary
effects of quebracho tannins in growing pheasants and demon-
strated that the inclusion of 2% in feed did not affect growth
performances. Furthermore, some authors mention that adminis-
tration of chestnut tannins may change the droppings consistency,
resulting in ﬁrmer droppings in treated groups which positively
affect the litter status and thus improving the overall health status
and welfare of chickens in intensive production systems. More-
over, the chestnut fruit content of phenolics (gallic and ellagic
acid), which have been linked to various positive effects on human
health such as antioxidant activity, a decrease in the risk of cardio-
vascular diseases, anticancer mechanisms, and anti-inﬂammatory
properties (de Vasconcelos et al., 2010). Tannins also can be used
in combination with other AGPs alternatives, as probiotics, show-
ing a synergist effect in the promotion of gut health. A recent
work reported that chestnut extracts exhibited a surprising effect
in improving the tolerance to gastric transit of Lactobacilli, while
chestnut ﬁber mainly improved the tolerance to bile juice (Blaiotta
et al., 2013).
Although tannins can have beneﬁcial effects on the digestion
and therefore animal performance when incorporated into ani-
mal diets, their primary mode of action is often not sufﬁciently
known to explain the ﬁnal in vivo effects. Some authors suggest
that low concentration of tannins can improve palatability of feed
and raise performance of monogastrics by stimulating feed intake
(Windisch and Kroismayr, 2006). Others suggest that stimulation
of digestive secretions is often considered to be a core mode of
action (e.g. Lee et al., 2003). Nevertheless, antimicrobial proper-
ties seem to be the most relevant mode of action, especially in
young animals. In general terms, like AGPs, plant derived com-
poundswouldbe involved in themodulationof thehighly complex
interaction between microbiota and the gastrointestinal tract. The
resulting relief of the animal host from microbial activity and their
undesired products might be responsible for the lower immune
defense costs (Windisch and Kroismayr, 2006; Kroismayr et al.,
2008). However, the complexity of the interactions and dynamics
of the gut microbiota makes it very difﬁcult to deﬁne such effects
in quantitative terms.
IMPACT ON POULTRY HEALTH
Over the last few years, the dietary role of tannins is receiving
increasing interest as they may reduce the number of gastroin-
testinal parasites in mammals (Athanasiadou et al., 2000; Butter
et al., 2002; Min et al., 2005) and birds (Marzoni et al., 2005). Tan-
nins, such as condensed tannins from green tea or quebracho,
have proven to have antimicrobial activity (Sakanaka et al., 2000;
Elizondo et al., 2010) and affect gastrointestinal bacteria coloniza-
tion in chickens and pigs (Hara et al., 1995; Hara, 1997). Multiple
reports suggest the efﬁcacy of tannins or plant extracts in the
control of zoonotic pathogens like Campylobacter and Salmonella.
Campylobacter spp. is one of the leading sources of human
bacterial diarrhea worldwide, with Campylobacter jejuni and
Campylobacter coli representing the most frequently involved
species (Adak et al., 1995; Kapperud et al., 2003). One of the
main sources of infection is considered to be foods of poultry ori-
gin, intestinal carriage rate within individual ﬂocks often exceed
80% (Anderson et al., 2012). Before AGP banning in determined
countries an increase in the incidence of antimicrobial resis-
tance was observed in this food borne pathogen (Desmonts et al.,
2004). The antimicrobial activity of various hydrolysable and con-
densed tannin-rich extracts against Campylobacter jejuni reveals
that both types of tannins inhibit the growth of this bacterium
(Nohynek et al., 2006; Gutierrez-Banuelos et al., 2011; Anderson
et al., 2012). It has been observed that condensed tannins may be
less efﬁcient than hydrolysable tannins in controllingCampylobac-
ter jejuni when high concentrations of amino acids and soluble
proteins are present (Anderson et al., 2012). The efﬁcacy of adding
selected tannins to poultry feed to diminish the in vivo incidence
of Campylobacter spp., needs to be evaluated.
Salmonella serovar Enteritidis is one of the foodborne
pathogens most commonly associated with the consumption of
poultry products. Control strategies of the disease in humans are
based on reducing contamination during slaughter and Salmonella
Enteritidis load in birds. This was achieved with the use of AGP,
which generates residues in meat and eggs and favors the selection
of multi-resistant strains of Salmonella and other pathogens. Van
Parys et al. (2010) found that chestnut (Castanea sativa) derived
tannins were able to inhibit the in vitro growth of Salmonella
typhimurium, but had no effect on the excretion of the bacte-
ria in an infection model in pigs. Quebracho (Schinopsis lorentzii)
raw extract shows bacteriostatic effect on Salmonella Enteritidis in
vitro, andwhenused in an experimental infectionmodel inbroilers
it was able to reduce the excretion of the bacteria (Redondo et al.,
2013a). Similarly, Prosdócimo et al. (2010) found antibacterial
activity of quebracho against Salmonella Enteritidis and Salmonella
Gallinarum in vitro.
Clostridium perfringens is considered an important poultry
pathogen that is the causative agent of necrotic enteritis and sub-
clinical disease (Ficken and Wages, 1997). Both presentations of
the disease have important economic impact on poultry produc-
tion. This bacterium is an important example of antimicrobial
banning consequences. AGPs have long been effective in pre-
vention of necrotic enteritis in poultry ﬂocks and after AGPs
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withdrawal, the incidence of necrotic enteritis increased consid-
erably (Van Immerseel et al., 2004). Inhibitory effects of tannins
from different sources have been demonstrated. Previous report
shows that tannins derived from chestnut and quebracho have
in vitro antibacterial and antitoxin activities against Clostridium
perfringens and its toxins and that mixtures of both tannins main-
tain individual activities (Elizondo et al., 2010). Subsequent results
from this research group conﬁrm the in vivo effects of chestnut
and quebracho tannins in a broiler necrotic enteritis model reduc-
ing the incidence and severity of gross lesions and improving
the productive performance of broiler chickens (Redondo et al.,
2013b). This ﬁndings are reinforced by the results obtained from
other authors with chestnut tannin added to diet in an Eime-
ria spp./Clostridium perfringens co-infection model (Tosi et al.,
2013). Although chestnut tannins show strong bactericidal activ-
ity against Clostridium perfringens, most ingested tannin do not
remain in the feces because it is hydrolyzed and degraded in
the intestinal tract. In contrast, quebracho tannins are mainly
condensed with lower antibacterial ability but most of the admin-
istered tannins remain in the fecal material. Therefore, those
different abilities could be used to readily diminish the intestinal
Clostridium perfringens load by chestnut and avoiding the rein-
fection by controlling the environmental contamination (i.e. feces
and bedding) with quebracho tannins.
Different works reports the antiviral activity of some tannin
against animal viruses. Ueda et al. (2013) test condensed and
hydrolysable tannins from different sources against selected fam-
ilies of pathogenic animal virus and show that these compounds
have an unspeciﬁc neutralizing effect on enveloped virus. The
same group reports the induced aggregation of puriﬁed virions or
BSA through association of tannins with proteins. Another poten-
tial mechanism was reported in works using human virus, like
herpesvirus (Lin et al., 2011) and human immunodeﬁciency virus
(HIV-1), in the same the authors suggest that reduce viral activity
could be due to tannins binding to cell receptor like glycoproteins
or CD4, respectively. Although they are few, works with avian
viruses suggest that natural extracts containing speciﬁc tannins
could contribute to control viral infections. Lupini et al. (2009)
showed that both, chestnut and quebracho wood extracts, have
inhibitory effect on avian reovirus (retrovirus) and avian metap-
neumovirus (paramyxovirus) before virus absorption to cells. In
this work the author reports that chestnut and quebracho extracts
reduce the extracellular viral activity, proposing that extracellu-
lar effect may be due to an interaction between tannins and viral
proteins resulting in the inhibition of viral attachment and pen-
etration of the cell membrane, as mention before for other virus.
In the same work, they report a reduction in the intracellular
viral activity only by quebracho extract, and propose that the
main mechanism would be the inhibition of viral enzymes. The
higher intracellular activity of quebracho extract could be due to
the smaller size of tannins extracted from this plant that could
penetrate the cells as suggested by Moreira et al. (2005).
Although tannins or plant derived extracts demonstrated activ-
ity against viral (Lupini et al., 2009), bacterial (Tosi et al., 2013),
and protozoal diseases (Cejas et al., 2011), little is known about
the mechanisms of these compounds on antimicrobial effects
and growth promotion. Some of the explained modes of action
for antimicrobials may help to deﬁne tannins main mechanism.
Metabolism inhibition is onepossiblemechanism; Bae et al. (1993)
showed that condensed tannins frombirdfoot trefoil (Lotus cornic-
ulatus L.) were inhibitory to the endoglucanase activity of cellulose
digesting Fibrobacter succinogenes S85 in the rumen. This may be
applied to virulence factors as Elizondo suggests for Clostridium
perfringens toxins (2010). On the other hand, iron deprivation has
been suggested by some authors (Scalbert, 1991; Haslam, 1996;
Mila et al., 1996). Tannic acid works like a siderophore to chelate
iron from the medium, making it unavailable for the microorgan-
isms. Iron is essential for most pathogenic bacteria and tannic acid
shows three times more afﬁnity for iron than E. coli siderophores
(Chung et al., 1998).
One of the most accepted mechanisms of action of some plant
tissues in animal diet is the shifts in intestinal microbiota com-
position. As reported for different groups, Gram positive bacteria
seem to be more sensitive to plant extract with high tannins con-
tent (Nohynek et al., 2006; Engels et al., 2011). It is important to
remark that microbiota changes have more impact on younger
animals due to their constantly evolving microbiota. It is thought
to take until the sixth week of age to achieve a mature micro-
biota (Barnes et al., 1972). Regardless of the mode of action, the
chemical characteristics of the tannins are highly variable and
different types of tannins can be present in one plant extract.
Therefore, the origin of the plant extract added to the feed will
be determinant in the ﬁnal impact on microbiota and the animal
performance.
ECONOMICAL CONSIDERATION
Independently of the use of antimicrobials or any of the available
alternatives to AGP, increase of the productive performance and
animal welfare depends on the overall health status of broilers. A
complete and continuous observation of the ﬂock health status
and performance must be considered. It requires regular necrop-
sies, sampling, and identiﬁcation of pathogens, together with
periodic monitoring of productive parameters like feed intake and
weight gain, ﬂock uniformity and other conditions. This should
provide an overview of the productive costs and allow measure
the economic impact of a disease and choose cost-effective ther-
apeutic or prophylactic strategies. The return-on-investment for
alternatives to AGPs will depend on both the biological impact
and the dynamics of the market price. Withdraw of AGP from the
ﬂock may cause a decreased growth rate, higher morbidity, and
mortality; but the continuous use may led to increased condem-
nations due to residues in meat and derived products. In countries
where the use of AGP is still allowed is imperative to consider
the net economic effect of replacing them with alternative prod-
ucts that do not represent a threat to public health and leave no
residues in meat and derived products. It will depend on several
factors including impact effects on productive performance lev-
els and the cost of any alternative potential technologies adopted
to compensate for the termination of use of AGPs and may be
offset by the beneﬁts like access to more demanding markets or
differential marketing, as in the case of organic foods. In countries
where AGP are banned from poultry production, the negative
impact may be temporarily compensated by the use of ionophore
anticoccidials, which are excluded from regulation due to lack of
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reports of relations between these substances and others antimi-
crobials. Taking into consideration that recent ﬁeld investigations
have demonstrated that animal husbandry use of antimicrobial
agents increases the likelihood that domestic animal bacteria will
develop resistance or cross-resistance to drugs approved for use
in human medicine (Diarra et al., 2007; da Costa et al., 2013),
experience with others groups of antimicrobials suggest that these
chemicals are prompt to be removed from animal feed for the
same reasons as AGPs, it is important to develop adequate alterna-
tives to be used alone or combined with other control measures to
improve the gut health. Further work is needed to deﬁne standards
for the replacement of antibiotic compounds in poultry in terms of
product type, identiﬁcation of suppliers, poultry response criteria,
regulatory status and veterinary deﬁnition (Rosen, 2003).
CONCLUSION
The use of plant extracts appears as an attractive alternative to
the use of antimicrobial growth promoter factors. These natu-
ral products do not leave residues in poultry-derived products.
Also, plant extracts are complex substances with many bioactive
principles that would have fewer chances to induce resistance in
microorganisms.
Successful application of any of these extracts as feed additive
must ensure a product of consistent quality in enough quanti-
ties to improve poultry production at AGPs levels and fulﬁll the
actual requirements of poultry derived products consumers. If the
products are effective and can be acquired in enough quantities
to supply the poultry industry requirements, the decisive factor
for the successful application will be the cost and it should be
at least similar to those of the AGPs. Although numerous prod-
ucts available in market have been proved to be efﬁcient in the
ﬁeld (Graziani et al., 2006; Lupini et al., 2009; Elizondo et al., 2010;
Redondo et al., 2013b), many have less clear potential. Chestnut
(hydrolizable) and Quebracho (condennsed) tannins are probably
themost readily available commercial products that are being used
and cover those needs as well as there is an important number of
data supporting their usage.
The diversity of results presented in different papers show the
complexity of elucidating effects of plant extracts over a deter-
minedmicroorganismor disease in different animal hosts. Further
investigations needs to be done in order to describe the effects of
plant extracts onpathogenicmicroorganismaswell as in commen-
salmicrobiota and the impact of its use in animal production. This
knowledge would allow the development of new and innovative
products suitable to be incorporated in animal feed in order to
improve animal production without compromising public health.
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